Overdrainage is a complication of ventriculoperitoneal shunt but adjustable valves and anti-siphon devices can prevent it. These very expensive valves are most often inaccessible, so that the majority of the valves available in Togo are fixed differential pressure valves. Although overdrainage is a widely-known issue, we aimed to introduce a new risk factor and the way we manage this complication.
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Background and Importance
The ventriculoperitoneal shunt (VPS) is the most common treatment of hydrocephalus. This treatment has many complications including overdrainage which has been defined as the excessive evacuation of cerebrospinal fluid (CSF) from the ventricular system [1] . Overdrainage is mainly caused by a siphon effect during postural changes when the patient is in an upright position [2, 3] . An estimated 10% of patients with long-term shunts will experience symptoms of overdrainage [2] . Conventionally fixed differential pressure valves are not sufficiently equipped to prevent this complication, which has led to the development of adjustable valves and anti-siphon systems [4, 5] . This technology has been made to attempt as far as possible to adapt the drainage pressure of the valve to the optimum pressure of the patient to avoid overdrainage [6] [7] [8] . These very expensive valves are most often inaccessible, so that majority of them available in Togo are fixed differential pressure valves. Therefore, some patients will be exposed to hypodrainage or overdrainage. Although overdrainage is a well-known phenomenon, we aimed at evoking a new factor favoring its occurrence and our management of this complication in this study.
Case Presentation
This is a case series study on patients admitted to neurosurgery department of a university hospital, Sylvanus Olympio in Lomé of Togo, over a period of 3 years (2014-2016) . It included all patients who had overdrainage (clinical and radiological) after VPS and patients identified with Abstract potential high risk of overdrainage (hydranencephaly). Written informed consent was obtained from all participants included in the study.
Our technique to prevent or treat overdrainage consisted of partial ligation of the peritoneal catheter at the level of the thorax using silk suture 2/0 (Mersuture®), while controlling the drainage rate at the slots, before its introduction into the abdominal cavity (Figure 1 ). The nonabsorbable wire was tied to obtain an average flow of 1.5 ml of CSF after 5 minutes at the distal tip using a graduated syringe. We used fixed differential pressure valves (medium and high). This procedure was done preventively during shunting, or curatively in case of overdrainage during a shunt revision. The goal was to transform this fixed differential pressure valve into a valve with both a pressure-controlled and flow-regulated valve. No other treatment was associated with this technique. The clinical evaluation method disappeared or remained signs of overdrainage. Patients were reviewed for 1 month, 3 months and then 6 months, postoperatively.
Thirteen patients were operated using this technique, 5 curatively and 8 preventively. The patients' age range was between 7 days and 10 years. Most of them were women (n=8). The patients had congenital malformation hydrocephalus including 9 hydranencephalies (69.2%). In 6 cases, hydrocephalus was associated with myelomeningocele. Twelve patients had the shunt at the atrium of the right lateral ventricle and one in the frontal horn. The average time for applying the technique was 15 minutes in preventive ligation during the realization of the VPS and 30 minutes if it was a curative treatment during the valve revision. The preoperative mean cranial perimeter was 56.3 cm. Five patients had clinical signs over drainage: headache (2 cases), vomiting (3 cases), lethargy (3 cases), depression of the anterior fontanelle (3 cases), a tendency to craniosynostosis (3 cases), abdominal bloating (3 cases) and dyspnea (3 cases) (Figure 2 ). The delay in the appearance of signs of overdrainage varied from 4 days to 9 years after the shunt placement. Of these 5 patients treated curatively, 3 had hydranencephaly and 2 had hydrocephalus; 4 patients had a medium pressure valve. The CT scan revealed a chronic subdural hematoma (CSDH) in one patient and collapse of ventricles (Figure 3) . Post-operative follow-up for patients treated with the intention to cure were favorable as the signs of overdrainage disappeared in all cases. For preventive approach, no overdrainage signs were observed, and these patients had an average cranial perimeter of 53.4 cm at 6 months.
Discussion and Conclusion
The hydrodynamic complications of ventriculo-peritoneal shunt can rise up to 40% according to the series [2, 6, [9] [10] [11] [12] [13] [14] . Overdrainage is due to insufficient valve pressures and siphoning of CSF during postural changes [2, 5, [15] [16] [17] . The postural alterations, particularly shifting from supine to upright, induced a "sucking" effect of CSF [18] . Several other causes evoked such as female sex, age, height, and respiratory cycle but not proved [15, 17, [19] [20] [21] [22] . Overdraining caused intracranial hypotension and collapse of ventricles, leading to subdural hematomas and craniosynostosis [3, 23] . The flow of CSF into the abdominal cavity during overdrainage in the infants exceeds the capacities of resorption of the peritoneum, leading to abdominal distension and then dyspnea. The treatment and prevention of overdrainage is still a challenge, even if there are solutions and approaches by introducing several methods such as high-pressure valves, anti-siphon systems, and adjustable valves [4, 11, [24] [25] [26] . These different methods allow reducing the frequency but they have limitations [6, 7, 27, 28] . The low availability and/or inaccessibility of these systems in our region, and difficulties faced in managing patients with overdrainage led us to adopt this technique of prevention and treatment. Indeed, we have recorded two cases of deaths in infants due to the complications of overdrainage and the difficulties of its management before this study. The management of hydranencephaly is still controversial. Some authors are abstinent; others choose surgery by defending fair arguments [29] [30] [31] [32] [33] [34] [35] . In our department, we prefer surgery. According to the physical law, the pressing forces which apply on a tube in one's body, increases with the density of body [36] . Thus, the pressure exerted on the walls of the ventricular catheter by the cerebral tissue is greater than that of the CSF (Figure 3) . We, therefore, believe that the absence of brain tissue (which should be a constraint on ventricular catheter along its path and constitutes additional resistance to the flow of the LCS) in hydranencephaly, further exposes them to overdrainage. Furthermore, the presence of a high quantity of CSF in the hydranencephaly predisposes them to this complication. There is no evidence from randomized clinical trials indicating flow-regulated and differential pressure regulated shunt valves difference with regard to clinical outcome, shunt failure, or intervention risks [37] . Thus, it can be concluded that the combination of the two systems through our technique reduces the risk of overdrainage. This method has never been reported in the literature. Although it provides a solution to the problem, the partial ligature of the catheter nevertheless presents, at long term, the risk of hypodrainage or catheter section. The best valves for this type of pathology would be flow-regulated ones. Overdrainage is one of the complications of the VPS, especially of hydranencephaly in our department. The pressing forces of the cerebral tissue which apply on the ventricular catheter provide additional resistance to the drainage flow of valves in conventional hydrocephalus, unlike hydranencephaly. The ligation of the catheter is an effective technique for treating or preventing overdrainage even if it involves a risk of hypodrainage.
Funding
None.
Conflicts of interest
All authors certify that they have no affiliations with or involvement in any organization or entity with any financial interest (such as honoraria; educational grants; participation in speakers' bureaus; membership, employment, consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in this manuscript.
